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Transactions afford boundaries during the lifetime of a program run where it may be convenient to introspect — inspect the
state of execution and the immediate history leading to it — and adapt subsequent computation.

As an example, imagine if each transaction carried a utility attribute that can be evaluated when the transaction is issued
or is ready to commit. If the transaction results in a conflict and its utility is considered sufficiently low, then rather than
reconciling the conflict, it may be more worthwhile to simply ignore it altogether. In this example, it is assumed that each
transaction refines the goal of the algorithm, and needless refinements can be safely ignored. Studies [1, 2] have shown that
many applications, from desktop to scientific codes, are often naturally resilient to some errors during computation.

More formally, the underlying thesis is the following: the programming model should allow for malleable transaction
granularities, and should not impose a rigid set of policies on how transactions are issued, executed, and committed. Rather,
the programming model should allow programmers that understand how their program execution should be orchestrated to
conveniently relay their insights to the runtime system and architecture, and without disturbing the algorithm expression. In
other words, the argument is for a two-level programming model consisting of a bridge and an engine room. The bridge
provides the programming language that is used for describing the user algorithms in an architecture independent manner.
The engine room describes a set of policies that orchestrate the execution of the algorithms on the target architectures.

whil e (beliefs have not converged) { | t erat or<xnode> xiter
foreach n in nodes {
foreach e in edges(n) { while (!xiter.end())
conmput e nmessage to nei ghbor(e, n) {
} /1l get any pending transactions
} transaction<xnode> with xaction = xiter.any();

utility { !converged(n) }
/1 evaluate utility function

foreach n in nodes { if (xaction.utility() < useful)
belief = prior distribution abort xacti on;
foreach e in edges(n) el se
bel i ef *= nessage from do xaction;
nei ghbor (e, n)
} xiter.renmove(xaction);
} }

Example bridge (Ieft) and engine room (right) programs for aloopy belief propagation algorithm.

The engine room may also adjust the granularity of the transactions (e.g., replace the xnode iterator with an iterator over
edges), and the conditions under which to abandon one transaction granularity in favor of another.

In essence, the bridge and engine room allow for a separation of concerns. The engine room is a pluggable scheduler that
allows users to orchestrate the execution of their transactions to the extent they care to constrain, relax, or manipulate it. The
engine room does not muddle the clean algorithm details described in the bridge. The runtime system can provide a set of
default policies that the engine room overrides. For architectures with arich set of heterogeneous ingredients, the scheduler
also provides a natural boundary for mediating the mapping of transactions to resources, under direct user control, or even
through dynamic optimizations.

The multilevel programming approach can extend beyond transactions, and is a more broadly applicable framework for
introspection and adaptation. It borrows ideas from sketching [3] and telescoping languages [4]. It can also extend beyond
performance tuning, to aid in program debugging, runtime verification, and security.
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